Science communication has emerged as a new field over the last 50 years, and its progress has been marked by a rise in jobs, training courses, research, associations, conferences and publications. This paper describes science communication internationally and the trends and challenges it faces, before looking at the national level. We have documented science communication activities in Brazil, the training courses, research, financial support and associations/societies. By analyzing the publication of papers, dissertations and theses we have tracked the growth of this field, and compared the level of activity in Brazil with other countries. Brazil has boosted its national research publications since 2002, with a bigger contribution from postgraduate programs in education and communication, but compared to its national research activity Brazil has only a small international presence in science communication. The language barrier, the tradition of publishing in national journals and the solid roots in education are some of the reasons for that. Brazil could improve its international participation, first by considering collaborations within Latin America. International publication is dominated by the USA and the UK. There is a need to take science communication to the next level by developing more sophisticated tools for conceptualizing and analyzing science communication, and Brazil can be part of that.
INTRODUCTION
Modern science communication emerged at the end of World War 2. As science moved from traditional concerns such as agriculture into the new frontiers of biochemistry, nuclear physics and genetic engineering, it shifted from dealing with issues familiar to ordinary citizens into areas quite remote from their everyday lives. And as it became less familiar, science dealt with concepts and ideas far beyond normal human experience.
All over the world, the scientific community realized it needed a public face, in order to make the case for increased government funding and public support. It needed to alert the public to new ideas and better ways of doing things. It recognized needs. The third advance was in research related to communication methods, to measure the effects of various activities, analyze media coverage and track public opinion, for example. The pattern of development on these three fronts -jobs, training and research -varied from country to country, depending on their history, culture and current demands.
A recent comparison 1 of the development of science communication in 17 different countries collected information on the dates they reached various milestones (1). The surveyed countries included Australia, Brazil, Canada, Denmark, Estonia, France, Germany, India, Ireland, Mexico, the Philippines, the USA, the UK, Spain, New Zealand and China. Each study nominated a date when the following initiatives took place: first interactive science center; first science festival; first courses to train science communicators; first postgraduate research degrees in science communication; and formation of national associations for science communicators. The pathways and dates varied, but the surveyed countries shared a common objective: strengthening science communication. A sample of data for five countries illustrates the similarities and variations (Table I) :
The results for Brazil were typical, leading in some areas and trailing in others: a world leader in establishing training course for science communicators (1972) , but lagging other countries when it came to establishing master's courses (2008) . Any science communication efforts need to be based on a systematic empirical understanding of an intended audience´s existing values, knowledge, and attitudes, their interpersonal and social contexts, and their preferred media sources and communication channels. Paralleling this diversity of audiences is an explosion in the methods of communication. The last 20 years has seen a relatively small number of trusted sources of information like the New York Times and the BBC being swamped by websites, blogs and new media information. The internet has opened debates of science to a thousand new voices, including citizen science, traditional knowledge and concerned citizens, and this fits modern recognition of the importance of dialogue. It also presents challenges: anyone can post a blog or host a website, the material is largely unmoderated, and the emergence of "alternative facts" challenges a scientific approach carefully built up over the last 100 years. Science is still working out how to maintain its authority as the source of the best currently-available knowledge, and science communicators have a key role.
Recently the status of science communication came under the microscope: has it developed to such a stage where it could be considered a discipline? Five papers were commissioned by Journal of Science Communication, and broadly concluded that science communication was both interdisciplinary and multi-disciplinary, that it fell short of meeting the requirements for being a discipline, and is more properly regarded as a "field of study" (Gascoigne et al. 2010 , Trench and Bucchi 2010 , Bell 2010 , Priest 2010 .
Gascoigne tested science communication against four classic elements of a discipline: the presence of a community; a history of inquiry; a mode of inquiry that defines how data are collected; and the existence of a communications network. While all these elements are contained within science communication, its cross-disciplinary nature and some ambiguity in the definition of a "discipline" led the authors to their conclusion. Trench and Bucchi (2010) see the potential for science communication to become a discipline, and nominated two ways to advance this: first, by articulating theories that address key issues in the field (they nominated 5 issues); and secondly by resolving boundary issues with neighboring areas of study such as science and technology studies, and science education.
In concluding this brief survey of science communication, it is appropriate to say Brazil has been part of all these international trends, leading in some cases, following in others. Detail of research and training in Brazil is discussed below, and these activities were given a significant boost in 2014 when Brazil hosted the biennial PCST Conference. It attracted 530 registrants from around the world with major contingents from Latin America. The conference theme was "science communication for social inclusion and political engagement". The first plenary (on the conference theme) featured speakers from Nigeria, Brazil and Colombia; in the second plenary speakers from the US and Egypt addressed the theme "science communication and social media"; the third on "science communication and audiences" had speakers from Denmark, the US and Brazil; and in the final plenary on "science in culture" speakers came from Thailand, Ireland and Brazil. Hosting the conference was a significant incentive to Brazilian science communicators to work more closely with their international colleagues.
SCIENCE COMMUNICATION IN BRAZIL
Disseminating the results of scientific research, as well as the discussion of the problems and challenges it raises, is essential to Brazilian culture. The current debate about the advances, promises and limitations of science, technology and innovation (ST&I) enables the active participation of society in decisions regarding the country's direction and public policy.
The last few decades have brought together scientists, journalists, publishers and government representatives to invest and legitimize science communication in Brazil. Since the 1980s, when science communication was systematized in the country, a long path has been travelled in order for journalists, science communicators and scientists to establish a dialogue and a respectful relationship. Scientists often blamed self-taught or inexperienced journalists for inaccurate articles about their work, including distortions, inaccuracies, hype, or not considering scientific risks and benefits (Caldas et al. 2005) .
Dialogue between scientists and journalists does not happen by chance, and there is recognition of the relevance of science communication in the training of science journalists. Training is also needed for scientists to help them understand the media's modus operandi and timing, and to allow a more effective relationship.
Since 1947, when the physician and science communicator José Reis began his science column in the newspaper Folha de S. Paulo, the Brazilian media have devoted more space to science. To reflect on the dissemination of science in Brazil and the professional training improvements that followed, we can look at initiatives beginning in the 1970's that brought together science communicators and researchers.
These include:
• the creation of the University News Agency (AUN The results reveal strong interest in science, technology and innovation (ST&I) in Brazil. When 1,962 people were asked what media stories interested them in the most recent survey on Public GERMANA BARATA, GRAÇA CALDAS AND TOSS GASCOIGNE Perception of S&T (CGEE/MCTI 2015), science and technology came ahead of politics, fashion, sports, arts & culture. Respondents chose medicine and health (78%) and environment (78%), ahead of religion (75%), the economy (68%), art and culture (57%), sports (56%), fashion (34%) and politics (27%). But while respondents said they were interested in science, the survey also revealed a fundamental lack of understanding of the field, due to poor scientific culture or limited access to ST&I information.
Among the different media, television was the main source of information for 21% of respondents, closely followed by the internet (18%). Despite some major changes observed in the time series, the number of visits to science museums and science centers is still rather small, although it has grown from 4% in 2006 to 12% in 2015. When visits to zoos, parks or botanical gardens are added to those visiting science museums, the number of visits grows to 41% of respondents. But the same survey showed 87% of Brazilians could not name a research institution and 94% could not name one Brazilian scientist (CGEE/MCTI 2015), which indicates a need to intensify efforts on communicating science to the public.
Despite the increased interest in science and technology, research on media coverage of science presents discouraging results. The study "Science, Technology and Innovation in Brazilian Media" analyzed 2,599 news items from 62 Brazilian newspapers in 2007 (FUNDEP 2009 ; and concluded that most news (86.4%) is decontextualized. Fifty five percent of the news has only one information source, with the majority (51.2%) coming from universities and research institutes. A further 8.8% came from the business sector, 3.5% from civil society organizations, and 1.5% from international organizations. Only 12.3% of articles mentioned ethical issues; and 3.8% correlated the role of ST&I with the eradication of poverty. There is little room for science controversy in the media: only 10.6% of the articles presented opposing points of view (FUNDEP 2009) . Although public interest has increased and many journalists have been trained, there is still room for improvement of science coverage by the media. This is the only recent large-scale research of content analysis across major newspapers, and surveys like this should be repeated to monitor changes in media coverage. GOVERNMENT ("divulgação científica"); "science journalism" ("jornalismo científico"); "science literacy" ("alfabetização científica"); "science museum" ("museu de ciência"); "scientific culture" ("cultura científi ca") and "science popularization" ("popularização da ciência"). The search resulted in 559 on-line documents that contain at least one of the 6 keywords ( Figure 1 ). There has been a huge increase in research about science communication since 2002, with the most frequently-used keywords "science communication" followed by "science literacy": a similar result to Caldas and Zanvettor (2014). The huge drops registered in 2015 should not be considered as the fi nal picture, since there is a delay on new publications entering the database. The majority of dissertations and theses on science communication from 1981 to 2015 were produced in institutions based in the Southeast (60.9%) and the South (22.9%), followed by the Northeast (11.3%), Central-West (4.5%) and the North (0.3%). São Paulo State is responsible for 48.6% of all research, reflecting the fact that it has the greatest amount of investment, research institutions and science research in the country. In a total of 46 institutions, there were 114 postgraduate programs with the majority concentrated in education, communications, and literature and languages. The greaterest number of contributions came from the following postgraduate programs: education and education in sciences at University of São Paulo (USP); science and culture communication at State University of Campinas (UNICAMP) and communication at (1981) . The first one using the keyword "scientific culture" is from Getúlio Vargas Foundation (FGV), by Saad, (also 1981). As for the keyword "science communication", the first was from the psychology Institute at USP, by Granja (1985) . The first dissertation using "science journalism" was from the production engineer postgraduate program at the Federal University of Santa Catarina (UFSC), by Lara (2000) . The same university Lorenzetti (2000) published the first dissertation on "science literacy", from the education postgraduate program. More recently, the keyword "popularization of science" first appeared in a PhD thesis by Vergara (2003) (Figure 2) , with a total of 195 papers (48.5%). The keywords "scientific culture" (19.1%) and "science literacy" (12.7%) are the next highest, while "science journalism" (7.7%), "science popularization" (6.5%) and "science museum" (5.5%) are less often used. Brazil published 62.7% of all papers, followed by Colombia (7.5%); Argentina (4%); Spain (3.5%); Portugal (3.5%); Cuba (2.5%); Venezuela (2.5%); Chile (2%); Mexico (1%) and Peru (0.5%).
14 A well-known example is what has been considered the first these about science journalism in Brazil, by Wilson da Costa Bueno entitled "Jornalismo científico no Brasil: os compromissos de uma prática dependente". PhD Thesis. São Paulo, ECA/USP, 1985. 15 SciELO is considered an important database of open access journals in Brazil, Latin America and other Portuguese and Spanish speaking countries shttp://www.scielo.org 16 The data was collected on February 22, 2016. 17 The search was made using the keywords "divulgação científica" or "divulgación científica" or "science communication", among other five keywords presented in Figure 2 .
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SciELO's homepage generally does not provide information about the author's institution, so we used the SciELO Citation Index to discover this information. Even though 19 States 18 have published papers, we identified a concentration in Brazil in the southeast (66%), followed by the south (17%), northeast (11%), central-West (5%) and north ( Most papers with authors from Brazil are in education (40%) or history (14.2%), with a focus on education of science and history of science. Communication was responsible only for a tiny portion of papers (1.3% Although Brazil has increased its production of papers in both science and science communication research and practice, the country is barely represented in international attempts to map science communication (Schiele 1994 , 2006 , Bauer et al. 2007 , Bucchi and Trench 2008 , Polino and Castelfranchi 2012 . Developed European nations and the US are the main contributors.
We have examined research papers on science communication in the Web of Science (WoS) , one of the most prestigious international databases of journals. It includes two international journals in the field: the British Public Understanding of Science (PUS) and the American Science Communication. Although it has been concluded that the Scopus database by Elsevier Group is superior in terms of communication papers and publications (CODINA et al. 2014) , we have chosen WoS since it includes specific journals of science communication as well as journals indexed in the Brazilian SciELO database and other national databases, such as the Chinese Science Citation Database and the Korean journal Database.
We searched for publications using the same six keywords as above, including only articles, to 57.7% of all papers. Brazil ranks 9-10 th, together with Italy, each with 2.3% of papers; and altogether a total of 41countries were represented. Although other countries such as China, India, Japan and Russia are significant producers of research in science, they have a low rate of papers in searches with the keywords [science communication + public] in the WoS. There are a number of possible explanations for this: that these countries mainly publish in national journals, as commonly occurs in the humanities and social sciences; that (perhaps because of language issues) they prefer to publish in international journals not indexed in WoS; or possibly they use diff erent keywords for "science communication". The papers identified in the search were published by 131 journals, with one third (33.3%) appearing in the three specifi c journals of science communication described below. Other journals with interest in the topic [science communication + public] were: Proceedings of the National Academy of Science (4.7%), Plos One (2.3%) and Science and Public Policy (2.1%). The papers we looked at focused mainly on communication (39.6%) and the . to publish both in English and the original author's language.
China, South Korea, Japan and India are not strongly represented in these results although they are all active in science communication, with institutions, national journals and national events. The most likely explanation is a failure of the international databases to include information published outside European languages, compounded by a difficulty in science communication journals to promote multinational debate.
CONCLUSIONS
As we have shown above, there has been an increase in public and governmental awareness of scientific and technological advances, as well as a growth in science communication. The quality, accuracy and enhanced dialogue between journalists and scientists have all contributed to increased activity in Brazil, as well as the increase in training and research in science communication at Brazilian universities.
To develop a better public understanding of scientific information and practices, we should consider science communication as an integral part of the general political and historical process, including its cultural, ethical and social dimensions. In doing this we need to recognize science itself as the product of fallible human beings.
It should be recognized that science communication is still a relatively new field of study, taking a multidisciplinary approach, and drawing its tools and concepts from sociology, psychology, media studies, and other areas. This cross-disciplinary approach (Gascoigne et al. 2010) will help resolve challenging issues concerning the most effective ways of enabling science to be harnessed by society in a manner which society understands, discusses and appreciates.
To make a useful contribution to the challenges facing Brazil, science communication must maintain its critical spirit in relation to science, and be willing to discuss both the good side and the potential bad side of any research results. It is not a cheerleader for science, but a mediator and critical interpreter between research and the community.
Far beyond merely registering science communication research results, it is critical to understand and grasp its processes, funding methods, and historical and political context. Only then can we understand the mechanisms of ST&I to ensure their full social use.
Modern science communication has emerged and grown rapidly in the world in recent decades. Brazil has invested in training programs, research and media coverage in science communication, with important initiatives as some of the first training programs in the world. Our examination of the theses, dissertations and papers on science communication in Brazil shows authors publish mainly at a national level and in education and communication fi elds. They favour "science communication" (a broader term) and "science literacy" (with educational approach) as keywords appropriate to their work, with fewer references to keywords from other fi elds. Contributions from researchers nominating themselves as "science communicators" are increasing, as postgraduate programs develop and the subject matures. We pointed out that science communication is a fi eld in development that needs to develop stronger theoretical contributions as well as solving boundary issues with other fi elds of knowledge, as Trench and Bucchi (2015) have pointed out.
The rising number of dissertations and theses on science communication from 2002 has strengthened Based in data collected in Web of Science and Scopus (1994-2015) .
the practice, values, and presence of research in science communication. Science communicators, both practitioners and researchers with postgraduate training have contributed to incorporate science communication more consistently in the academic, media and social agenda, leading to better science coverage and public access to scientific knowledge, and stimulating interest and engagement towards science.
The next step will be to increase the number of international collaborations by Brazilian authors, by developing more sophisticated tools for conceptualizing and analyzing science communication from a global perspective and developing further links with researchers from other countries. Science communication is developing and changing, and Brazil needs to be part of the international community if it is to benefit from work done in other countries. Brazil has hosted the three main conferences of international science communication and we need to capitalize on these contacts to increase our international profile, as it has happened in all fields of knowledge in the country in the last couple of years.
Our analysis of papers indexed in the Web of Science show most are published (33%) in the journals Journal of Science Communication, Science Communication and Public Understanding of Science. Most are written by authors from the US and UK, with little evidence of participation from regions such as China, Japan, South Korea, Russia and India, and Latin America. These countries do have relevant initiatives in science communication research and practice, and our recommendation is that editors of these three leading journals should intensify efforts to seek contributions from a wider variety of countries. Offering more options and less expensive fees for open access papers, and publishing bilingual papers -as JCOM has donecan also help motivating other nations' submission.
There may also be local incentives to encourage science communication researchers and practitioners to publish papers in international journals.
Brazil, as the leading country in science communication in Latin America and as part of BRICS, should join efforts to cooperate further with countries with similar social challenges, promoting more research cooperation, boosting financial support, and sharing policy ideas. The focus should be multiplying and fortifying research and practice groups in a more equitable way in the country, in Latin America and worldwide.
